Introduction: Literature suggests that male hormones influence fetal growth in singleton pregnancies. We hypothesized that the same phenomenon is seen in twin gestations. Objectives: (1) to identify the impact of gender associated with fetal birth weight, head circumference, and birth length for twins; (2) to examine the effect of gender on standardized fetal growth at birth, according to gestational age and birth order; (3) to examine the effect of gender on placenta weight and dimensions. Methodology: This was a populationbased retrospective cohort study of twins (4,368 twins, 2,184 pairs) born in British Columbia, Canada from 2000-2010. We excluded twins with stillbirth, congenital anomalies, and those delivered with cesarean section. We also controlled for confounding factors, including birth order, gestational age, maternal anthropometric measures, maternal smoking habits, and obstetric history. A subsample of this population was analyzed from Children and Women Hospital to obtain chorionicity information. Results: Male-male twins were heavier than male-females and female-female twin pairs (p = .01). Within sex-discordant twin pairs, males were also heavier than females (p = .01). Regression analysis suggested that gender affects birth weight independent of birth order and gestational age. Other newborn anthropometric measures were not found to be dependent on gender. In analyzing a subsample with chorionicity data, birth weight was the only anthropometric measure that was both statistically and clinically affected by sex, even after adjustment for gestational age, chorionicity, birth order, and maternal age. Conclusion: Birth weight was affected by gender while head circumference and birth length were not.
The impact of gender on fetal growth has been studied in both singleton and twin pregnancies (Chase, 1969; Cogswell & Yip, 1995; Williams et al., 1982) . In singleton pregnancies, female infants weigh less than male ones in all gestations (Cogswell & Yip, 1995; Williams et al., 1982) . This finding is conceived as the effect of androgens, produced in male infants, that increase birth weight (Luke et al., 2005) . In twin gestations, females who share the uterus with a male (female-male or sex-discordant twin pairs) are found to be heavier than females who share the uterus with another female (sex-concordant pairs; Miller, 2003) . It has been hypothesized that fetal exposure of females from sexdiscordant twin pairs to androgen-producing males leads to increase in fetal growth (Miller & Martin, 1995) .
The metabolic action of androgens in males also alters the gestational length, namely the time course in utero (Loos et al., 2001) . Males are born earlier than females (James, 2000 (James, , 2002 . It is not clear what the mechanism behind this phenomenon is. Apart from birth weight and gestational age, the impact of gender on other measures of fetal growth should be taken into consideration, as it is often reported that intrauterine growth of multiple birth neonates shows asymmetrical hypotrophy (Hennequin et al., 1999; Winter et al., 1994) . Few studies have examined the divergent head growth and birth length in sex-discordant twins. Ultrasound monitoring of fetal growth shows that males, on average, have 2.0 mm longer crown-rump length by 8-12 weeks of gestation, 1.4 mm larger transverse diameter of the head by 16 weeks of gestation, and 4.0 mm longer birth length than females (Pedersen, 1980) . It is hypothesized that gender determines not only the birth weight but also other anthropometric measures (Luke et al., 2005 hypothesis, we aimed at investigating the role of gender on birth weight, length, and head circumference, while adjusting for important confounding variables. Previous studies failed to adjust for confounding factors, including gestational age, birth order, maternal age, maternal height, prepregnancy weight, maternal weight gain during pregnancy, parity, maternal smoking habits, gestational diabetes, and pregnancy induced hypertension.
Methodology
We conducted a retrospective, population-based cohort study of twins born between April 1, 2000 and December 2010, using data from Perinatal Services BC's (PSBC) Perinatal Data Registry (PSBC, 2014) . The database contains information on approximately 99% births in the province of British Columbia, Canada. Information in the registry is compiled from standardized forms completed by clinicians. The validity of the data is ensured by quality control measures, including built-in warnings in the data entry software, and periodic checking of the data. Ethics approval for the study was obtained from Ethics Review Board of University of British Columbia and Children's and Women's Hospital, Vancouver (H11-03281).
Data was accessed via Population Data BC's Secure Research Environment (SRE). SRE is a central server accessible only via an encrypted Virtual Private Network through the firewall and use of a Yubikey R for two-factor authentication. It provides researchers with secure storage and backup, centralized location for access and processing of research data, SPSS software, and security standards that meet the Canadian Standards Association's Ten Privacy Principles. These principles protect personal information as per detailed requirements of the BC Freedom of Information and protection of Privacy Act. None of the authors have any competing interests.
Exclusion criteria were as follows: gestational age at delivery less than 20 weeks of gestation, stillbirth of one of the twins, major congenital anomalies, and twins born from cesarean section, as this affects the gestational age as well as birth weight.
The outcomes were inclusive of anthropometric measures of newborns, including birth weight, head circumference, and birth length. Variables that were tested for their role as confounders were as follows: maternal age, maternal anthropometric measures (pre-pregnancy weight, height, body mass index, maternal weight gain during pregnancy), maternal smoking habits (never smoker, former smoker, current smoker), medical problems during pregnancy (gestational diabetes, pregnancy-induced hypertension), obstetric history (history of delivering a baby with congenital anomaly, history of delivery a low birth weight infant), birth order, and gestational age.
Gestational age was calculated based on an algorithm considering last menstrual period (LMP) and LMP confirmed with ultrasound examination (<20 weeks). When the two estimates were concordant, the LMP-based estimate was used, whereas in cases of discordancy of more than 2 weeks between the estimates, the ultrasound estimate was used. The algorithm was adapted from the Society of Obstetrician and Gynecologists (SOGC) guidelines (Canadian Institute for Health Information, 2007) . Standardized fetal growth was categorized as the following: SGA (<10th percentile), AGA (10-89th percentile), and LGA (90th percentile and more), based on twin growth curves derived from a clinical twin population with reliable gender-specific gestational age estimates (Cohen et al., 1997) .
The birth weight discordancy was computed as percentage of the larger twin's birth weight, (larger birth weightsmaller birth weight)/larger birth weight×100.
Twins were classified into three groups according to fetal sex: male-male (n = 1,515), female-female (n = 1,407), and male-female (n = 1,446). The mean and standard deviations (SD) of gestational age, birth weight, head circumference, and birth length for twins were calculated according to sex-discordance. The significance of differences between mean values was tested using Student's t test where the comparison was between two groups and using ANOVA where the comparison was among more than two groups.
Subgroup Analysis
A subgroup analysis was done for twins who had chorionicity information. Following exclusion of twins with stillbirth, chromosomal anomaly and those who had cesarean section, there were 3,132 subjects remaining in the study, including male-male, 550 pairs; female-female, 520 pairs; and male-female, 496 pairs. Anthropometric measures were estimated for overall differences between these three groups in the current study.
The factors affecting fetal growth were then investigated by stepwise regression analysis. In sequential models, one potential confounding variable was tested at a time. Retaining the most statistically significant variable, remaining variables were entered separately in sequential models, and then the process was repeated until all variables have been tested. A significant level of less than 0.05 was considered as a threshold for keeping a variable in the model. Data analysis was performed using SPPS version 20 (SPSS Inc., Chicago, IL, USA). Table 1 contains the mean ± SD for gestational age, birth weight, head circumference, and birth length analyzed according to sex-concordance. We compared three sex pairing categories of male-male, female-female, and malefemale. Comparing the anthropometric measures of infants, we did not find any significant difference between the three sex pairing groups for gestational age, head circumference, and length. However, we found a statistically significant difference between birth weight of three groups (male-male: 2458 ± 655 g, male-female: 2497 ± 596 g, female-female: 2370 ± 602 g; p = .01). Discordant twin pairs (male-female) were heavier than the two other groups, while female-female pairs were the lightest. Malefemale twin pairs were 127 g heavier than the femalefemale group (p = .01) and only 39 g heavier than the malemale group (p = .01). Female-female pairs were 88 g lighter than male-male pairs (p = .01).
Results
We then investigated the difference between individual males and females within male-female twin pairs (Table 2) . Differences between groups in terms of head circumference and birth length were insignificant. Among sex discordant twin pairs, males were 87.0 g heavier than their female counterparts. Females from sex-discordant twins (malefemale) were 28.0 g heavier than females of sex-concordant twins (female-female; p = .01). Table 3 contains the overall mean birth weight, birth length, and head circumference analyzed according to fetal and maternal characteristics. Prior histories of congenital anomaly and low birth weight were significantly associated with measures such as head circumference and birth length but not with birth weight, while birth order was associated with birth weight. Maternal diseases during pregnancy (gestational diabetes, hypertension), anthropometric measures of mother (weight, height, BMI), and weight gain during pregnancy were not associated with either of the dependent variables. All the outcome variables, however, were associated with gestational age and gender.
The results of stepwise linear regression analysis on birth weight, head circumference, and birth length are presented in Table 4 . Although sex entered the birth weight model as the main independent variable and was significantly associated with birth weight, the contribution of gestational age was strongest in the module. Birth order was also associated with birth weight. Considering male as a reference category, female counterparts were 95.0 g lighter than males after adjusting for baby order and gestational age.
Gender was not associated with head circumference and birth length, while histories of delivering a baby with congenital anomaly and/or low birth weight were. Maternal characteristics, including maternal age, parity, smoking habit, diseases during pregnancy, and anthropometric measures, did not reach the significance level (p = .05) for entry into the models. Data are not shown.
To investigate the impact of chorionicity on anthropometric measures, a subsample of data was analyzed (Table 5 ). All anthropometric measures were found to be significantly different in sex-pairing groups. Similar to the analysis of the whole dataset, a subgroup analysis of twin data, with chorionicity information, showed that malefemale twins were heavier in weight and taller in height, followed by male-male twin pairs; and finally, female-female twins were the lightest and shortest. Stratified data by chorionicity showed statistically significant differences in all anthropometric measures for DC twins. MC twins had different birth weight and birth length (p = .01).
Gestational age was found to be different among three groups (ANOVA, p = .02) suggesting that this variable should be adjusted for in regression modeling. We made such an adjustment, which led to the disappearance of impact of gender on all anthropometric measures except birth weight. Considering male as a reference category, female counterparts were 79 g lighter than males (-78.72; Dizygotic twin pairs Yes Used zygosity rather than chorionicity Glinianaia et al., 1998 Dizygotic sex concordant and sex discordant twin pairs Yes Controlled for gestational age Blumrosen et al., 2002 Sex concordant and sex discordant Yes Did not control for gestational age Note: NS = non-significant result.
95% CI -103.71 to -53.73) after adjusting for maternal age, chorionicity, gestational age, birth order, which was a similar pattern observed in the analysis of whole data. Risk ratios for head circumference (-0.57; 95% CI -0.69 to -0.44), birth length (-0.43; 95% CI-0.63 to -0.23) and birth weight discordance (-0.88; 95% CI -1.70 to -0.06) were statistically significantly but clinically negligible.
Discussion
Our population-based retrospective study examined a large cohort of twins (n = 4,368) born in British Columbia, Canada. We were able to adjust for maternal characteristics (age, anthropometric measures, weight gain during pregnancy, smoking habits, and diseases during pregnancy) as well as birth order, gestational age, and obstetric history. Our findings suggest that within concordant twin pairs, male-male pairs were heavier than female-female pairs. Additionally, within sex-discordant pairs, males were heavier than females. Moreover, females who shared a uterus with a male were heavier than females who did not. These findings suggest that male gender increases growth of co-twin. Male-male twin pairs were lighter than male-female twin pairs. This could relate to slightly shorter gestational age of male-male pairs compared with that of the malefemale pairs, although, this difference was not statistically significant.
Regression analysis and comparing standardized fetal growth verified the impact of gender on birth weight but not on head circumference and birth length.
The male hormone may be responsible for stimulating growth both in the male and in his female co-twin, resulting in the female co-twin of sex-discordant pair growing more than sex-concordant female pairs. This finding confirms that male gender can have a positive impact on the growth of co-twin. Similar to our finding, Blickstein and Weissman (1990) found that within sex-discordant twin pairs, males were, in 31% of all cases, more than 15% heavier than females. It is debatable whether large birth weight difference in sex-discordant pairs can be explained by confounding factors (e.g., gestational age, birth order, zygosity, chorionicity) or whether a specific effect of fetal growth is present in sex-discordant pairs. Loos et al. (2001) reported similar weight between females from sex-discordant pairs compared with females of sex-concordant pairs, but males from sex-discordant pairs weighed 78.0 g more than males from sex-concordant pairs (p = .001; Loos et al., 2001) . They suggested that the higher weight of a male co-twin of a sexdiscordant pair may be the result of longer gestations in pregnancies carrying female fetuses. Our results showed an association between gender and gestational age (Tables 3  and 4 ). However, after controlling for gestational age, we were still able to show the impact of gender on birth weight. The same pattern of association was observed when analyzing a subgroup with chorionicity data (Table 5) . Table 6 summarizes studies that look at the birth weight of males compared with females. Some of these studies did not control for important confounding variables such as birth order and gestational age. Three of such studies (Orlebeke et al., 1993; Treloar & Whitfield, 2002; and Glinianaia et al., 1998) analyzed dizygotic twin pairs only while Blumrosen et al.(2002) studied sex-concordant and discordant twins, similar to our study. The discrepancy between studies can be partly explained by not adjusting for suitable confounding variables or inappropriate selection of the cases. Our study eliminated twins with stillbirth and congenital anomalies. Twins born through cesarean section were also excluded from our study population as cesarean section can shorten gestation somewhat, leading to lower birth weight or incomplete fetal growth. We also controlled for confounding factors such as gestational age, birth order and chorionicity. We were not able to control for zygosity, although previous studies showed that the effect of gender on fetal growth is independent of this variable (Glinianaia et al., 1998; Treloar & Whitfield, 2002) .
Our study was unique in terms of providing information on the effect of gender on head circumference and birth length among sex-discordant twins, for which we did not find any statistically significant association (Table 2) . Similarly, no association was found for head circumference or birth length with gender when comparing sex-discordant pairs with sex-concordant twins (Table 1) or when chorionicity was controlled in a smaller population (Table 6 ). This could be due to the impact of genetic factors, which are independent of gender, compared with environmental factors. High heritability of head circumference and height is reported in the literature. A study of 88 twin pairs, recruited from university hospitals in United States, showed that genetic play a greater role on head circumference rather than gender with or without controlling for chorionicity and zygosity (Mukherjee et al., 2009) . Heritability of head size is estimated about 90% in young infants in twin-sib families of Australian and Dutch population (Smith et al., 2010) .
Gender was not associated with birth length in our study. Few results have been reported on infant height and its association with gender. Our finding is consistent with the findings of Jaya et al. (1995) . They studied a small set of twin pairs (209 pairs) and found no significant difference in the body length of twin babies in relation to sex. Wälli et al. (1980) compared 104 sets of twin pair's birth lengths with that of singleton gestation without separation according to gender for the twins. Combined twins' lengths averaged about 1 cm less than singleton girls, or 2 cm less than singleton boys at 35 weeks of gestation. Yokoyama et al. (2005) studied 370 mothers and their 1,109 triplet children in Japan and found that male neonates had a longer birth length than female neonates.
In conclusion, we have found a tendency for male prenatal growth to influence the co-twin female. Birth weight was the only measure that was affected by gender. Head circumference and birth length are probably affected by non-X-linked genes rather than the environmental factors such as intrauterine hormone. Future studies are needed to measure hormones in newborn females who shared uterus with a male twin.
